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SENSOR FAULT DETECTOR 

5 The pr^Mnt invention rdatea to a fault detector for detecting a fault of 

an acceleration sensor, which is utilized in a vehicle atahility control device 
(or vehicle attitude control device). Although the fault decision device of the 
present invention is developed such that it is to be assembled in a vehide 
stability control device as a portion of an operation loeic thereof^ the fault 
10 detector can be utilized as a separate unit. 

The vehicle stability control (VSC) system controls a vehicle according 
to an acceleration information firom an acceleration sensor for sensing 
acceleration in a vehide runnini^ directum^ that is, a forward or backward 
16 running directioii, a lateral acceleration from an acceleration sensor for 
sensing acceleration in a lateral^ that is, 1^ or right, direction and a yaw 
rate sensor^ all of which are mounted on the vehicle, a rotation information 
of respective wheels and a steering an^e information, etc., such that, when 
an acceleration of the vehicle in a direction, whidi is inconsistent with a 
20 steering direction intended by a driver of the vehide, is increased beyond a 
preset limit value, a braking force in a portion of the wheels is 
automatically generated. For example, when accderation in a right forward 
direction is increased and yaw rate in coimterdockwise direction is 
increased beyond a preset condition, the VSC system automatically 
25 generates a braking force in -a rear left wheel such that an original attitude 
of the vehide ia restored before the state of the vehide becomes 
uncontrollable by the driving operation of the driver. 
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As meutioiied above» the acceleration sensors and the yaw rate sensor 
are utilized in the VSC system for detecting^ the state of the vehicle. Each of 
these acceleration sensors usually has a structure in which a movement of a 
weight of the acceleration aensor, which is supported by a plurality of 
5 springs, is physically detected. Ilierefore, if the weight of the acceleration 
sensor becomes impossible to move for some reason, it becomes impossible 
to precisely detect the state of the vehicle, so that the VSC system may 
peifarm an erroneous control. 

Yaw rate is a rotational acceleration generated around a gravity center 
10 of the vehicle in a plane pexpendicular to a moving direction of the vehicle. 
In this specificatioii^ the acceleration sensors in running direction and in 
lateral direction and the yaw rate sensor will be referred to as mere 
'^acceleration sensor^ totally. 

Some conventional VSC system includes phsnsical detection means for 
15 physically detecting the state in whidi the wei^t of the acceleration sensor 
becomes fixed. In such VSC system, which utilizes an ou^ut of such 
acceleration sensor» an erroneous operation of the acceleration sensor is 
detected according to an ou^nit of the detection means^ which is indicative 
of the fixed state of the weight. Further, JP H04-H02«7A. JP H07-033037A 
20 and JP H07-196029A disclose techniques in which an abnormality of ah 
acceleration sensor is detected by estimating acceleration generated in a 
vehicle on the basis of a change of vehicle, speed and compaiing the 
estimated acceleration with an ou^ut of the acceleraticm sensor mounted 
thereon. Furthex; JP H08-186572A discloses a technique related to a 
25 correction of an intermediate position (Kf an- acceleration sensor, in which an 
ou1|>ut value of the acceleration sensor mounted on a vehicle is corrected by 
estimating an output torque of an engine of the vehicle. 
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The conventional physical detector of a fault state of an acceleration sensor, 
which is caused by fixing of a weight tiiereof^ can not detect the fault when a level of 
a detection signal of Hie acceleration sensor is low. That is^ the fault detection 
sensitivity of the physical fault detector is low when acceleration applied to the 
5 acceleration sensor is small and, only when ti^e acceleration applied to file acceleration 
sensor is larger, tiie fault detection becomes possible. In order to make a fault detection 
possible even when accdmitiott applied to the sensor is small, it is necessaxy to 
improve both the design predseness of tiie jAystcal detector and the macbinii^ 
precisen^s thereof, causing the sensor device to be expensive. 
10 Further, such i^Q^ical detector of an acceleration sensor fault requires an 

• increased size of hardware ccmespondingly. Hiat is, the size of the physical detector 
becomes large. There is a possibility that the physical acceleration sensor fault detector 
itself becomes &ult. Since a control device utilizing an oul^ut sigpal of such sensor is 
designed such tfiat an operation of the [diysical detector becomes failsafe condition 
IS against a £iult of the physical detector, there may be a case where the vdhicle stability 
control device can not operate appropriately due to fault of fte phj^ical detector, even 
when the acceleration sensor operates noimaUy. 

According to a first aspect of the present invention, an acceleration sensor fault 
detector, which can be utilized together with any of an acceleration sensor in vehicle 
20 nmning direction, an acceleration sensor in lateral direction and a yaw rate sensor, 
comprises means (1) for sai3q>ling an ouQnzt of the acceleration sensor periodically and 
means (2) for generating a ftult detection signal (3) v>/hm a vehicle speed is equal to 
or hi^er than a predetermined value (Vokm/h) and a variation of the output of the 
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acceleration sensor sampled through a plurality (n) of sarapliog periods is equal to or 
smaller than a predetennincd value (So)- 

The symbols in parenthesises correspond to reference symbols used in the 
accompanying drawings showing on embodiment of the present invention to be 
5 described later. It should be noted that these symbols are attached in orderto facilitate 
an understanding of liie present construction and are not meant to limit the present 
invention to the shown embodiment This is also true in the following description. 

The preset invention iMX>vides a sensor fault detector capable of detecting an 
abnoimality of an acceleration sensor on the side of a vehicle stability control device 
10 utilizing an output of the acceleration sensor, without requiring any specific detection 
means^ 

The sensor £ault detector is capable of being embodied by changing software 
without requiring any hardware on the side of an acceleration sensor as well as the side 
of a vehicle stability control device. 

15 The present invention provides a vehicle stability control device, which can 

iirili'w an inexpensive sensor and can be economized totally. A high quaUQr, 
inexpensive vehicle stability control device is provided utilizmg a physical acceleration 
&ult detector, which can be designed such that the detector roughly detects a fault of 
an acceleration sensor when a level of a detection signal of the physical detector is 

20 high. 

The predetennined value (vo) of vdiiclc speed is a ^eed of a vehicle practically 
running. The vahie (Vq) is fffcfcrably set to, for example, 2km/h to 20kmAi. The 
predetennined variation value (5) is as small as a discriminatory sensitivity of the 
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acceleration sensor. The detection signal generated by the acceleration sensor k 
sampled by an interfece circuit provided in an input of the logical operation circuit (2) 
and taken in the logical operadcm circuit (2) as a digital signal Since a sampling period 
of a practical sampling circuit is in a range from one several tenth seconds to one 
5 several thousandth seconds, tiie number n of sampling periods dnrix^ a short time from 
a time instance at whidi die logical operation circuit sets an acceleraticm sensor fault 
detection mode to a lime instance at wtA(^ the fault detection is performed may be set 
to several tens to several thousands. 

When the vdiicle is mmung practically and the sampling output of the interface 

10 circuit over a plurality (n) of sampling periods docs not indicate an identifiable 
variation, the acceleration sensor fault detector decides that the weight of the 
acceleration sensor is fixed It is most reasonable to detect a variation of the sampling 
output by conq)axing a current sampling output obtained in a c 
widi a sampling output obtained ina sampling period immediately preceding the certain 

15 sampling period and repeating &e comparison every sampling period. However, the 
variation of the sampling output may be detected every time corresponding to n 
sa0q>ling periods or eveiy time correqxmding to a plurality number of sampling 
periods smaller than nu 

Doe to vibrations, an output of an acceleration sensor of a r unnin g vehicle, 

20 which is displ^red on a time axis of an oscilloscope screen, alwiqrs shows a small 
diange. However, wbai the wei^t of the acceleratitm sensor is fixed, such small 
change disappears completely. The present acceleration sensor fault detector detects 
such state as an occurrence of fault and generates a fault detection signal. Therefore, 
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the construction of the present acceleration sensor fault detector is simple compared 
with the conventional detector, which executes the estimation operation of accderadoxt 
Further^ the time required to detect an acceleration sensor &ult is short in the present 
acceleration sensor fault detector and the possibility of fault of the fknlt detection 
S deviceitself is vefy smalL 

According to a second aspect of the present invention, the acceleration sensor 
finltdetectoris featured by indudingmeans (2) for estimating a lateral accel^ation of 
a vehicle by taking in a rotatipn information of tight and left wheels and time- 
drOerentiating a difference in rotation speed between tiie right and left tvfaeels and 
10 means forgeneratinga&altdetection$igRal(3) when there is a difference 

a predetennined value between fhe lateral acceleration estimated by the means (2) and 
a detection output of the lateral acceleration sensor 

The acceleration sensor fault detector estimates a lateral conq)onent of an 
acceleration of the vehicle from the rotation information of the right and left wheels 
IS anddeddcs that the lateral acceleration sensor does not opeiBtii^ correctly when ti^ 
output of the lateral acceleration sensor is within an qiproximate value with respect to 
the estimated lateral acceleration ccxnponent of the acceleration. 

Accordiog to a third aspect of the present invention, the acceleration sensor fyuti 
detector is featured by comprising means for estimating a yaw rate of a vehicle on the 
20 basis of a steering angle of a vehicle and a time-differentialed value of a difference in 
rotation speed between the right and.. — 
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left wheels when the ateezin^ angle is a piedetermined value ao or larger and 
means for comparing the estimated yaw rate with an output of a yaw rale sensor and 
generaUng a fault detection signal when there is a predetermined error or more 
therebetween. 

B When a driver of the running vehicle steers a steering wheel, the acceleration 

sensor fault detector of the present invention estimates the yaw rate on the basis of the 
steering angle and the rotation information of the right and left wheels.of the vehicle and, 
when the estimated yaw rate is not close to the output of the yaw rate sensor, decides that 
the yaw rate sei^r is not operating correctly. 

10 

Embodixnmts of the present iavention will be described with reference 
to the drawings, in which: 

FIG, 1 is a block diagram of an acceleration sensor fault detector 
according to the present invention; 
15 FIQ. 2 is a main control flowchart according to a first embodiment of 

the present invention; 

FIO. 3 ia a main control flowchart according to a second embodiment of 
the present invention; and ^ 

FIG. 4 is a main control flowchart according to a third embodiment of. 
20 the preset invention. 

An acceleration sensor fault detector is embodied in a vehicle stability 
control (VSC) device shown in FIQ. 1 as a software of a logical operation 
drcuit of the vehicle stability cmtrol device. 
25 The acceleration sensor fitult detector comprises an acceleration 

sensor 11 mounted on a vehide for sensing acceleration in a moving 
direction of the vehicle^ an acceleration sensor 12 mounted on the vehicle for 



PAGE 24m*RCVDAT7/1Sf2010S:17:34PM [Eastern DayligM 



9196061690 



03:26:34 p.m. 



07-16-2010 



25 /34 



8 

sensing an acceleration of the veHtie in a direction perpendicular to the 
moving direction of the veMdfe and a yaw rate sensor 13 mounted on the 
vehicle for sensing a yaw rate of the vehicle. Outputs of these three 
acceleration sensors are connected to an interface circuit 1 and sampled 
& therein, raspectivdy. A sampling period is l/lOO seconds corresponding to a 
sampling frequency of lOOHr. Sampled detection signals are suppHed to a 
logical operation circuit 2. 

The logical operation circuit 2 is connected to another interface circuit 
5 to which a vehicle speed information indicative of a rotation of an output 
10 shaft of a change gear of the vehicle, a wheel rotation information obtained 
from respective front and rear wheels, a steering angle information 
indicative of a rotation angle of a steering wheel and, etc., are inputted. 
These information are sampled In the interface circuit 5 and supplied to the 
operation circuit 2. 

15 The logical operation circuit 2 constitutes an information input portion 

of a control circuit 4 of the vehicle stability control device. The logical 
operation drcoit 2 and the control circuit 4 of the vehicle stability control 
device are constructed as a single circuit, practically. The control circuit 4 
operates these input information to set a body model of the vehicle in a 

20 running state and, when an acceleration vector produced in the vehicle body 
model is increased beyond a predetermined limit, decides a possibility of 
turning sideways of the vehicle; According to the decision, the control circuit 
4 controls the vehicle such that a braking force is applied to a portion of the 
wheels in a direction in which the increase of the acceleration vector is 

25 suppressed, "niat is, an output of the control circuit 4 is sent to a brako 
system of the vehide through an interface dicuit 6. 

The feature of the present invention resides in a fault detection of the 
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aoceleratLozL sensor connected to the interface 1. That is, when there is a 
fault in the acceleration sensor, the fault is detected on the basis of an 
acceleration output value of the acceleration sensor^, upon which a fault 
detection signal 3 is produced. 
5 A fault detection logic according to a first embodiment of the present 

invention will be described with reference to FIG. 2, which is a main 
flowchart of the fault detection logic. In FIG. 2» the logical operation circuit 
2 is automatically and periodically set in a fault detection mode for a short 
time. In the fkult detection mode, when a vehicle speed is eiiual to or higher 
10 than a value Vo> which ia, in this example, 5km/h, the logical operation 
circuit 2 determines whether an output of the i-th acceleration sensor is 
equal to or smaller than a predetermined value 6^ This is repeated for all of 
the acceleration sensors by cbangifigi sequcnUally. In this example^ is 1 to 3, so that the 
ou^t signals of the three acceleration sensors are checked sequeniially* 
15 An output of an acceleration sensor of a running vehicle always shows a 

amall change caused by vibration of the vehicle. However, when the weight 
of the acceleration sensor ia fixed, ^uch small change disappears completely. 
When such small change can not be detected by the acceleration sensor; the 
logical operation circuit 2 sends the fault detection signal 3 to the control 
20 drcnit 4. upon which the control circuit 4 executes a failsafe operation. 

The practical acceleration sensor faidt detector of the present 
invention was constructed such that the sampling period of the acceleration 
sensor output ia 0.01 second and, when the vdiide speed is 6km/h or higher, 
the fault detection signal i^ produced when a state in which a differmce 
25 between a sample value in a cnmnt sampling pexiod and a sample value in 
a preceding sampling period ia O.OlG or less continues for 5 seconds. In a 
running test of a vehicle on wbidtk this acceleration sensor fault detector is 
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mounted, very good test result was obtained. That is» when the runniixg test 
was performed by intentoonaUy providing a fixing state of the weight of the 
acceleration sensor, the generation of the fault corresponded to the 
generatioa of the fetilt detection signal very precisely- Although the 
5 construction of the acceleration sensor fault detector of the present 
invention is simple, the practical eflfect thereof is substantial. 

A second invention of the present invention has the same construction 
as that shown in FIG. 1. ITO- 3 is a main portion of a fault detection logic 
according to a second embodiment of the second inv^tion. In FIG- 3, the 

10 logical operation circuit 2, whibh. in the fault detection mode, detects a fault 
of the lateral acceleration sensor, takes in the rotation information of the 
ri^t and left wheels when the vehicle running speed is equal to or higher 
tban the practical running speed vo, time-differentiates a rotation difference 
D (rotation speed difference) per time between the right and left wheels and 

15 operates an estimated lateral component ye of acceleration of the vehicle. 
The logical operation circuit 2 compares the estimated lateral component 
with an output value of the lateral acceleration senaor 12 and, when there is 
a diCFerence exceeding a preset value R therebetween, decides an output 
abnormaUty of the lateral acceleration sensor 12 and sends a fault detection 

20 signal* When the difference between the estimated lateral component and 
the output value of the lateral acceleration sensor is smaller than the preset 
value R. this operation is repeated No times for confirmation purpose- 

The lateral component of the acceleratimi of the vehide is obtained 
on the basis of the rotation speed difference D between the right and left 

25 wheels and the vehicle speed v. That is, the lateral component y of the 
vehicle speed is represented by the fi>llowing equation: 
y = V»5in & 
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where 0 is an angle of tihe vehide speed vector with respect to the ydud^ 

running direction. 

Assuming that a distance between the right and left front wheels is 
6 = D/L. Theirefore, the above eiiuation becomes as follow: 
6 y = v(D/L) 

Since the distance L is a constant determined by the kind of vehicle end can 
be represented by L = 1/k ^ere k is n proportional constant, the above 
eQuation can be rewritten as foDow: 
y = k-Dv 

10 Since a time-diffexentiated value of this is the lateral component y, of the 
acceleration, the above equation is rewritten as follow: 
y. = k-(d/dt)Dv 

The practicel acceleration sensor fSanlt detector was constructed such 
that the fault detection signsd is produced under conditions that the vehide 

15 speed is c^al to or higher than the predetermined value (15km/h)« the 
operated lateral component y. of the acceleration is equal to or larger than a 
predetermined value (0.250) and a state where a difference between the 
operated lateral component and the detection output of the yaw rate sensor 
is equal to or larger than O.lG continues over the repetitive sampling 

20 periods equal to or longer than a predetermined time (1 second). 

A block diagram of a third invention is the same as that shown in FIG. 
1. FIG. 4 is a main portion of a fault detection logic according to a second 
embodiment of the second invention. In FIG. 4» the logical operation drcuit 
2 in the fault detection mode for detecting a fault of the yaw rate sensor 

25 takes in the rotation infarmation of the ti^t and left wheels and the 
steering information a when the vehide running speed Vo is abnormal, 
operates a yaw rate q. of the vehicle on the basis of the steering information 
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cr and a time-differentiated value of a diSlference of rotation per time between 
tlie Tight and left wheels. The logical operation circuit 2 compares the 
estimated yaw rate q. with an output of the yaw rate sensor and, when a 
difference therebetween exceeds a preset vfdue generates a fault 
5 detection signal. 

The yaw rate q. is obtained by the equation q. = (rotation speed 
difference D between xi^t and left front wheels)/(frant wheel tread). 

The practical acceleration sensor fault detector was constructed such 
that the fault detection is executed under conditions that the vehicle speed 
10 is equal to ox higher than a predetermined value (5km/h) and the operated 
yaw rate is equal to or larger than a predetermined value (15 degree/sec) or 
the rotation angle of the steering wheel is equal to or lai^r than a 
predetermined value (80 degree). According to the test conducted by the 
present inventors^ it has been found that the decision limits may be very 
15 rough. In this test, the acceleratim sensor fault detector was constructed 
such that the fault detection is executed under the above mentioned 
conditions and« when signs of the ou^ut value of the yaw rate sensor and 
the operated yaw rate are the same, the yaw rate sensoir is decided as 
normal and, when signs thereof are different, the fault detection signal is 
20 generated. Tliat is, in the practical acceleration sensor fault detectoi; the 
^difference equal to or larger than the predetermined value* may mean that 
signs of the output of the yaw rate sensor and the operated yaw rate are 
different. 

According to the present invention* the abnormality €£ an acceleration 
25 sensor can be decided with hi^ sensitivily on the side, which utilises an 
output of the acceleratioQ sensor» without providing any special detection 
means on the acceleration sensor. Adding software of the control circuity 
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with addiiig: any hardware to neither the sensor side nor the control device 
side can embody the present inventioii. When the vehide stability control 
device according to the present invention is used together with an 
acceleratLon sensor fault detector, which detects a fault physically, it is 
5 possible to design the detector such that it performs a rough fault detection 
when a level of the detection output is high. Therefore, it is possible to 
provide a high quality vehicle stability control device at low cost. 
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CLAIMS 

1. An acceleration sensor fault detector for detecting a fault of an 
acceleration sensoi; comprising means for periodically sampling an oi^tput 
5 of said accderdtLon sensor and means for generating a fanlt detection signal 
under conditions that a vebide speed is equal to or higher than a 
predetermined value and that a variation of the output of aaid acceleration 
sensor is equal to or smaller than a predetermined value for ai plwality (n) 
of sampling: periods. 

10 2. An acceleration sensor fault detector for detecting a fault of a lateral 
acceleration sensor, comprising means for estimating a lateral acceleration 
of a vehicle from a time-differentiated value of a difference in rotation speed 
between right and left wheels of said vehicle by operating a rotation 
information of said right and left wheels and means for comparing the 

15 estimated lateral acc^eration with an output of a lateral acceleration 
sensor and generating a fiault detection signal when there is a difference 
therebetween, which is equal to or larger than a predetermined value, 
3. An acceleration sensor fault detector for detecting a fault of a yaw rate 
sensor, comprising means for estimating a yaw rate from a steering angle 

20 and a time-differentiated value of a difference in rotation ^eed between 
said nght and left wheels when said steering an^^e is equal to or larger than 
a predetermined value ao and means for comparing Ihc csUmaled yaw rale with an 
output.of said yaw rate sensor and generating a fauli detection signal when there is a 
difference tl^rebetween. which is equal to or larger than a predetermined value. 

26 
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4. An acceleration sensor &ult detector substantially as hereinbefore described 
with reference to any of the examples shown in the accompaii>ing drawings. 
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